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Abstract. This study was undertaken to measure the genetic diversity and population structure of 48 barley accessions introduced from
ICARDA using 51 polymorphic simple sequence repeat (SSR) markers to select unique parents for breeding. The mean polymorphic
information content was 0.491, suggesting high polymorphism for the selected SSR markers among the barley accessions. The population
structure indicated a ﬁne genetic base only with two major clusters. All accessions had 100% membership probability in their respective
clusters. Analysis of molecular variance revealed that most (78%) of the variation was attributed between populations, while 22% was due
to variation among individuals within populations. Neighbour-joining (NJ) tree was constructed using this distance matrix and two major
clusters were observed in it. Cluster 1 had all hulled barley accessions and cluster 2 had all hulless barley accessions. Cluster 2 could be
further divided into three subclusters. Principal coordinates analysis results were similar to the NJ tree, where the hulled and hulless barley
accessions were grouped into separate clusters. This study established the existence of considerable genetic diversity among the 48 tested
accessions. The selected genetic resources will be useful for barley breeding in India and other countries.
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Introduction
Barley (Hordeum vulgare L.) is one of the ﬁrst domesticated
(about 10,000 years ago) cereals (Badr et al. 2000) most
important crop of the world (FAOSTAT, http://faostat.fao.
org) with an annual global production of about 145-m tons.
Barley is an important feed, food and fodder crop as well as
a major raw material for the brewing and malting industries.
It is more tolerant to abiotic stresses (drought and soil
salinity) and also better adapted to various environmental
conditions than the other cereals, which make it a staple food
in several dry and cold regions of the world (Baik and
Ullrich 2008). Recent researches conﬁrmed the beneﬁcial
effects of barley on human health and there results revitalized interest in preferred use of barley in human diets
(Brockman et al. 2013; Sullivan et al. 2013). Global food
demands are increasing day by day and to meet this in a

period of climate change is one of the greatest challenges for
agriculture. Barely is a cereal with a large genome and also a
large number of varieties and accessions are available
worldwide. Systemic evaluation at molecular level is a
prerequisite to effectively use this available diversity in
breeding as well as optimal conservation of the genetic
diversity. Several studies have produced data for evaluation
of genetic diversity using simple sequence repeats (SSRs)
for a number of crops like wheat, barley, maize, sorghum
and rice. The studies on barley (Russell et al. 2004; Baek
et al. 2003; Maestri et al. 2002 and Amezrou et al. 2018)
stipulated that the various diversity parameters have significant variations. Genetic variability is deteriorating day by
day due to the continuous crossing with elite genotypes and
this may lead to increasing vulnerability to the adverse climatic changes which also limit the possibilities of further
improvement. There is a need for ﬁnding novel sources of
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genetic variation which can be utilized in breeding programmes to further increase the chances of improvement in
both quality and quantity along with improvement in their
response to climate change.
World’s largest barley germplasm collections, i.e. USDAARS National Small Grains Collection (NSGC), comprised

of 33,176 barley accessions which includes breeding lines,
cultivars, landraces and genetic stocks from more than 100
countries. The NSGC barley core collection is a subset
having *10% of the entire collection and is being assessed
for various agronomic traits, resistance to diseases and pests.
Most of the cultivars of domesticated barley are hulled

Table 1. Chromosomal location, allelic variation, major allele frequency and PIC of the polymorphic SSR loci in barley accessions.
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Marker

Chromosome

Tm (°C)

No. of alleles

Major allele frequency

PIC

ScSSR10477
Bmag211
ABG500a
Bmagc13
Bmag105
ABC252
ABG58
Bmac576
Bmag749
Bmag829
EBmac640
HVM36
HVM54
ABG471
ABG70
Bmac129
Bmag13
Bmag225
Bmag603
Bmag877
Ebmac541
GMS27a
EBmac705
ABG500b
HVM40
HVM67
MWG634
Bmac175
ABC302
ABC483
ABG712
Bmag222
Bmag223
Bmag387
Bmag760
Bmag812
GMS61
Bmac163
MWG684
MWG798
HVM14
ABG387b
Bmac40
Mwg402
Bmag273
Bmac64
Bmag110
Bmac162
Bmac167
Bmac224
ABG380
Mean

1H
1H
1H
1H
1H
2H
2H
2H
2H
2H
2H
2H
2H
3H
3H
3H
3H
3H
3H
3H
3H
3H
3H
4H
4H
4H
4H
4H
5H
5H
5H
5H
5H
5H
5H
5H
5H
5H
6H
6H
6H
6H
6H
7H
7H
7H
7H
7H
7H
7H
7H

60
58
58
58
55
58
58
53
55
55
55
55
55
56
56
58
58
58
55
55
58
60
55
55
55
55
58
58
58
56
58
58
58
58
55
55
60
55
56
55
55
60
58
55
55
58
58
58
55
55
55

4
6
4
2
2
5
2
3
4
4
4
5
5
3
3
6
3
4
2
4
3
2
2
2
5
4
2
2
3
2
2
3
3
2
4
5
2
3
5
3
4
2
3
3
3
4
2
5
3
2
2
3.27

0.479
0.313
0.375
0.583
0.521
0.750
0.542
0.500
0.833
0.313
0.625
0.458
0.292
0.646
0.583
0.271
0.375
0.625
0.667
0.313
0.417
0.625
0.521
0.667
0.354
0.333
0.729
0.542
0.688
0.708
0.604
0.375
0.521
0.542
0.396
0.417
0.729
0.479
0.313
0.500
0.625
0.667
0.750
0.417
0.917
0.521
0.521
0.375
0.563
0.667
0.583
0.53

0.570
0.713
0.636
0.368
0.375
0.404
0.373
0.511
0.279
0.684
0.523
0.645
0.731
0.462
0.475
0.781
0.582
0.523
0.346
0.688
0.566
0.359
0.375
0.346
0.692
0.611
0.317
0.373
0.411
0.328
0.364
0.590
0.542
0.373
0.662
0.669
0.317
0.478
0.735
0.535
0.510
0.346
0.354
0.582
0.150
0.520
0.375
0.702
0.496
0.346
0.368
0.49

PIC, polymorphism information content.

Population structure of barley accessions

(caryopses covered with hull), but some cultivars are freethreshing called hulless barley. Hulled barley is preferred for
brewing and animal feed while the hulless barley is important for human food.
There are number of ways to assess the genetic diversity
like morphological markers, biochemical or isozymes and
DNA-based markers. A wide range of molecular markers are
available for genotyping in various crops. SSR markers are
feasible markers of choice for diversity assessment due to
their easy use, abundance, codominance, cheaper and high
polymorphism index (Powell et al. 1996). The current study
was designed to determine the genetic relationship and
population structure of 48 Hordeum vulgare introduced from
ICARDA, using SSR markers to identify genetically divergent genotypes for utilization in breeding programme.

Materials and methods
The 48 barley accessions introduced from ICARDA, Lebanon, grown at experimental ﬁeld of ICARDA-India
Research Platform (IRP), Amlaha, (table 1 in electronic
supplementary material at http://www.ac.in/jgenet/) were
used. In randomized block design (RBD) with two replications in six row plots of 25 cm distance between rows.
Sowing was done during the rabi (winter) season of
2014–2015. In case of fertilizer application, 50% of nitrogen
(30 kg), full dose of phosphorus (60 kg) and potassium
(40 kg) were applied as basal dose and with the remaining
nitrogen top dressing of was done after 30 days of sowing.
Crop was maintained under rainfed condition.

Genotyping studies

Molecular work was performed at biotechnology laboratory
of ICAR-Indian Institute of Wheat and Barley Research,
Karnal. Equal number of fresh young leaves (two-week-old
seedlings) of at least six plants from each genotype was
bulked for DNA extraction. Total genomic DNA was isolated using the modiﬁed CTAB method (Saghai-Maroof
et al. 1984). The DNA samples were analysed both qualitatively and quantitatively using 0.8% agarose gel electrophoresis. A total of 150 SSR markers were selected from
different locations of each linkage group of barley genome,
of which only 51 markers showed polymorphism (table 1).
The sequence of these markers, their annealing temperature
(Tm), ampliﬁed fragment and PCR conditions were obtained
from
website (https://wheat.pw.usda.gov/cgi-bin/GG3/
browse.cgi?class=marker). PCR reaction was conducted in
a reaction volume of 10 lL containing 1x PCR buffer,
200 mM dNTPs, 0.25 lM of primer, 2 mM MgCl2, 1 U Taq
polymerase and 50 ng templates DNA. PCR ampliﬁcation
was performed using Biorad S1000 thermal cycler. PCR
products were resolved by electrophoresis on 2.5% agarose
gels (HiMedia, Mumbai, India) at 4 V/cm in 0.5x TBE
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buffer. Fragment sizes were approximately calculated by
interpolation from the migration distance of marker fragments of 100-bp DNA ladder (New England Biolabs,
Hitchin, UK) and corroborated with the reported ampliﬁed
fragment size of respective molecular marker. The occurrence of ‘null’ alleles was veriﬁed by reampliﬁcation under
similar PCR conditions. Gels were stained with ethidium
bromide (0.5 lg/mL) and DNA banding patterns were
visualized under UV light (Syngene Synoptics, Frederick
MD, USA).
Scoring of SSR markers and assessment of genetic diversity

Genetic diversity was assessed using GenAlex v. 6.5 (Peakall and Smouse 2007). The following parameters were
computed: total number of alleles per locus (Na), number of
effective alleles per locus (Ne), Shannon’s information index
(I), observed gene diversity (h), and unbiased gene diversity
(uh) were determined using the protocol of Nei and Li
(1979). Molecular weights for microsatellite products in base
pairs were estimated and the summary statistics including
the number of alleles per locus and frequency of major
alleles were determined. Initial statistical analysis of the
genotypic data was performed using the software PowerMarker 3.25 (Liu and Muse 2005). For each marker,
number of alleles, gene diversity, and polymorphism information content (PIC) values were calculated. The PIC value
revealed the information prospective of a marker. A marker
with PIC value of ‘1’ showed different molecular weight in
every line, and a monomorphic marker had a ‘0’ PIC value.
Allele frequency and count were obtained using PowerMarker. Pairwise genetic distance between the accessions
was calculated following Nei et al. (1983) method using the
software PowerMarker 3.25. Distance matrix was used to
construct the dendrogram using the neighbour-joining (NJ)
option in PowerMarker. The dendrogram ﬁle obtained from
PowerMarker was visualized and edited using MEGA7

Figure 1. Genetic diversity (mean PIC and mean number of allele)
among seven chromosomes of barley on the basis of microsatellite
markers.
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(Kumar et al. 2016). For further genetic analysis, the population-structuring pattern was conducted using allele
molecular weight data in binary format (1, allele presence; 0,
allele absence) and entered into a matrix. Principal co-ordinates analysis (PCoA) was calculated using PAST software
(Hammer et al. 2001).
Analysis of population structure

The analysis on population structure of 48 barley (H. vulgare
L.) accessions was also performed using the software
Structure 2.3.4 (Pritchard et al. 2000). An admixture model
was selected to calculate the number of subpopulations or
K value. Initially, ﬁve runs for each value of K ranging from
1 to 20 were conducted with 10,000-length burn-ins and
equal number of replications. Estimation of number of
subpopulations (K value) was done by plotting the distribution of deltaK (DK), which is an ad hoc statistic based on
the rate of change in the log probability of data between
successive K values (Evanno et al. 2005). The value of
DK was calculated as mean of absolute values of difference
between successive likelihood values of K divided by the
standard deviation of L (K). The DK plots were made using
the Structure Harvester program (Earl and Vonholdt 2012).

Result
Out of 150 SSR markers used to screen the present population of barley, only 51 were polymorphic with banding
pattern of more than 1 band for each marker (table 1). These
51 markers generated 158 polymorphic loci as genotypic
data with an average of 3.275 alleles per SSR locus and
these were further used to assess the genetic diversity.
Average major allele frequency was 0.532, with minimum
and maximum values of 0.271 and 0.917, respectively. The
PIC value for SSR markers ranged from 0.150 to 0.781, with
an average PIC value of 0.491. The SSR markers used in the
present study were distributed throughout the seven chromosomes of the barley. Average mean of alleles and PIC
(ﬁgure 1) showed that the chromosome 2H has highest mean

Table 2. Genetic diversity of 48 barley accessions classiﬁed by
type of barley.
Type of barley

Na

Ne

NP

I

h

Uh

Hulled barley
Hulless barley
Mean
SE

2.392
2.294
2.343
0.068

2.048
1.970
2.009
0.058

0.647
0.549
0.125
0.117

0.746
0.685
0.716
0.027

0.483
0.440
0.462
0.015

0.504
0.460
0.482
0.016

Na, number of different alleles per locus; Ne, number of effective
alleles per locus; NP, number of private alleles per locus; I,
Shannon’s information index; h, gene diversity; uh, unbiased
diversity.

of alleles followed by 1H and 6H, while highest mean of PIC
was recorded in 1H followed by 2H and 3H. However, 5H
had least mean for alleles followed by 4H and least PIC was
recorded in 7H with means of alleles too lower. Higher mean
of alleles shows the diversity or variation present on the
chromosome and higher PIC value shows that markers are
more informative. Genetic diversity between barley accessions based on type of husk are provided in table 2. Na
(number of different alleles per locus) were 2.392 and 2.294
for hulled and hulless barley population, respectively, with a
mean of 2.343. However, number of effective alleles per
locus was 2.048 and 1.970 in hulled and hulless barley
population, respectively with a overall mean of 2.009.
While, NP (number of private alleles per locus) were 0.647
for hulled barley population and 0.549 for hulless barley
population with mean value of 0.125. Mean value of I was
0.716 with 0.746 and 0.685 for hulled and hulless population, respectively. NP (frequency of private alleles) was
higher for both hulled and hulless barley. Gene diversity
(h) value was 0.483 for hulled barley population while 0.440
for hulless barley.
Population structure analysis

Structure 2.3.4 was used for the analysis of population
structure in the barley diversity for a panel of 48 accessions.
It was not feasible to identify the number of clusters using
the Ln plot for K (ﬁgure 2a), so a plot for DK was used to
identify the number of subpopulations (ﬁgure 2b). Based on
the admixture model, 48 (H. vulgare) barley accessions were
placed in clusters using 80% membership probability as a
threshold value. Two clusters were identiﬁed for all the
accessions of barley (ﬁgure 3). Each group has clustered 24
accessions of the germplasm. All the accessions of a single
cluster have shown 100% membership probability in
respective cluster. These groups were formed irrespective of
the type of barley, i.e. hulled and hulless. Both the clusters
had equal number of hulled and hulless accession of barley.
This is because both type of barley consist of same genome
except nud gene in hulless barley on 7HL chromosome,
which is responsible for loose husk of hulless barley. SSR
markers used for screening were not close enough or linked
to nud gene and thus this gene did not make difference in
population of the germplasm.
Phylogenetic and PCoA

Genetic distance was obtained from the NJ analysis of
genotypic data using PowerMarker software. The genetic
distance in the complete panel ranged from 0.1941 to 0.9983
with an average of 0.7333 (table 2 in electronic supplementary material), suggesting that the panel consists of very
diverse accessions. A NJ tree was constructed using this
distance matrix (ﬁgure 4). Two major clusters were observed

Population structure of barley accessions
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Figure 2. (a) Probability of data (Ln) for number of clusters (K) ranging 1 to 20 (b) Estimation of number of clusters using delta K values
for K ranging 2 to 20 by method proposed by Evanno et al. (2005).

Figure 3. Q plot showing clustering of 48 barley accessions into two clusters based on co-dominant genotypic data (SSR) using
STRUCTURE analysis. A vertical bar represents each accession. The coloured sections in a bar indicate membership coefﬁcients of the
accession in different clusters.

in the NJ tree. Both the cluster had 24 genotypes each.
Hulled barley genotypes were clustered together in a single
cluster and hulless barley into the other. The cluster of
hulless barley was further divided into three subclusters,
leading to a total of four clusters.
To further evaluate the genetic relationships between the
barley accessions using PAST software, the PCoA analysis
was carried out. It was observed that 20% of variation was
accounted for ﬁrst two axes of PCoA, and the accessions
were grouped into four major clusters on ﬁrst two axes of
PCoA. Results similar to the NJ tree were obtained where
hulled and hulless barley accessions were grouped into
separate clusters and hulless barley cluster was further
divided into three subclusters.
The phylogenetic tree constructed using NJ analysis on 48
(H. vulgare) accessions separated the accessions into two
major clusters. To compare STRUCTURE sub-populations
with NJ analysis based tree, red and green symbols were
given with name of accessions to present SRUCTURE sub-

populations (ﬁgure 4). There was partial agreement between
the two estimates. Groups 1 and 2 from Structure were
spread across both the clusters of dendrogram. The membership probability obtained from Structure analysis suggested that both groups were genetically distinct from each
other. A PCoA plot was constructed using the diversity
panel, and accessions were circled to show the Structure
groups (ﬁgure 5). The results of PCoA were in complete
agreement with results inferred from NJ tree (ﬁgure 4),
group 1 was separated from other accessions and formed
tight and clear cluster. All other accessions of group 2 were
loosely clustered and can be further divided into subclusters
as in dendrogram. The ﬁrst two axes of PCoA explained
20% of the total genetic variation between H. vulgare
accessions.
Analysis of molecular variance (AMOVA) revealed that
differences between groups obtained from Structure analysis
were highly signiﬁcant, with 78% of the total variation
contributed by between-group variance. However, 22%
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variation was attributed to diversity between individuals
within a group (table 3). The FST value for the whole population (0.778) was highly signiﬁcant at P \ 0.0001. Pairwise FST values revealed that accessions in group 1 were
genetically signiﬁcantly, far from another group.

Discussion

Figure 4. Phylogenetic tree obtained from neighbor-joining (NJ)
analysis on 48 barley accessions. Accessions are pointed with
coloured symbols based on groups identiﬁed from STRUCTURE
analysis.

The genetic upgrading of yield and contributing traits in crop
are inﬂuenced by the genetic diversity available within the
crop species and the barley accession with high levels of
genetic variation found in this study are valuable resources
for expansion of the genetic base and for attaining prompt
gains during barley breeding in India. Genetic diversity in
the 48 accessions of H. vulgare L. introduced from
ICARDA, Lebanon was evaluated using 75 SSR primer
pairs distributed across the genome, of which only 51 SSR
primers pairs showed polymorphism (two or more loci) that
were used in the ﬁnal analysis. A total of 2446 alleles were
observed across 158 loci among 48 accessions, with an
average of 3.27 alleles per SSR locus. This conﬁrm the
presence of favourable allelic diversity, which is considered
necessary for assessment of genetic diversity. The mean
number of alleles (3.275) obtained in the study were signiﬁcantly similar to the mean number of alleles per locus
(2.5 to 3.5) reported by Bengtsson et al. (2017) in his study

Figure 5. Two-dimensional PCoA of 48 barley accessions.

Population structure of barley accessions
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Table 3. Analysis of molecular variance among and within the 48 barley accessions.
Source
Among populations
Within populations
Total

Degree of freedom

Sum of square

Mean sum of square

Estimated variance

Percent of variance

1
46
47

574585.375
310158.708
884744.083

574585.375*
6742.581*

23660.116
6742.581
30402.697

78
22
100

*Signiﬁcant at the 0.0001 probability level.

on Nordic spring barley. While much higher mean number of
alleles (5.5) per locus was reported by Ivandic et al. (2002)
from wild barley and Maniruzzaman et al. (2014) found 7.8
mean number alleles per microsatellite/genotypes locus.
Since, in our study, all accessions are from same centre of
origin and their pedigree gene pool is also small, we got
fewer alleles per locus as compared to earlier studies in
which genotypes of various centre of origin and distinct
parents were taken. The PIC value of the SSR markers
ranged from 0.150 to 0.781, with an average of 0.491. High
PIC value showed that the SSR markers used in this study
were informative for diversity of assessment of barley population. Bengtsson et al. (2017) reported average PIC value
of 0.46 for SSR markers in his study. Malysheva-Otto et al.
(2006) reported varying PIC values in different population in
their study with an overall average of 0.69 of all four populations. Hua et al. (2015) reported PIC ranging from 0.064
to 0.815 with an average of 0.549 in diversity of coloured
barley. Na (number of different alleles) was 2.392 and 2.294
for hulled and hulless barley population, respectively, with a
mean of 2.343. Number of effective allelers per locus was
2.048 and 1.970 in hulled and hulless barley population,
respectively with a overall mean of 2.009. Manjunatha et al.
(2011) reported similar results for Na and Ne in his study in
barley population from three different state of India. Bellucci
et al. (2013) found 3.75 Na and 2.03 Ne in one of the barley
population and 3.42 Na and 2.23 Ne for another population of
barley in his study. Mean value of I was 0.716 with 0.746
and 0685 for hulled and hulless population, respectively. NP
(number of private alleles per locus) was 0.647 for hulled
barley population and 0.549 for hulless barley population
with mean value of 0.125. The presence of high number of
private alleles supports the broad genetic base of the present
germplasm. Private alleles used for estimating the gene ﬂow
between the populations (Barton and Slatkin 1986), and their
estimation have applications in conservation genetics
(Kalinowski 2004). Gene diversity (h) value was 0.483 for
hulled barley population while 0.440 for hulless barley.
Similar range of I and h was recorded by Manjunatha et al.
(2011) in barley landraces and Hua et al. (2015) during
diversity study of coloured barley. The genetic diversity
study showed signiﬁcant level of variation in the barley
population of the study which can be used as parent material
for the development and improvement of barley crop
varieties.
Based on the admixture model, 48 H. vulgare accessions
were placed into two clusters using 80% membership

probability as a threshold value. All the accessions of a
single cluster have shown 100% membership probability.
Hua et al. (2015) also reported similar results in his study
that most of the barley accessions were showing 100%
membership probability to their respective clusters. The
results of Structure were almost similar to NJ tree and as by
all means PCoA accessions were clustered into two major
clusters. Clusters formed by Structure grouped the accessions irrespective of type of barley, i.e. hulled and hulless.
Both the clusters had equal number of hulled and hulless
accession of barley. This is because both types of accessions
are collected from the same origin. Barley consists of same
genome except nud gene in hulless barley on 7HL chromosome which is responsible for loose husk of hulless
barley. Therefore, at genomic level hulled and hulless barley
accessions can be linked or closely associated with each
other. Another reason for this can be that the SSR markers
used for screening in the present study were not close
enough or linked to nud gene and could not differentiate
accessions in population. The size of germplasm was sufﬁcient to conduct the Structure analysis as number of polymorphic markers have covered each chromosome of the
genome. Manjunatha et al. (2011) also found similar results
while assessing the population structure of 15 barley genotype using 15 SSR markers, and Jena et al. (2012) assessed
the population structure of 51 cotton genotypes using 16
ampliﬁed fragment length polymorphism (AFLP) markers.
In the complete panel, the genetic distance ranged from
0.1941 to 0.9983 with an average of 0.7333, suggesting that
the panel consists of very diverse accessions. A NJ tree was
constructed using this distance matrix. Two major clusters
were observed in the NJ tree, with both the clusters having
24 genotypes each. Hulled barley genotypes were clustered
together in single cluster and hulless barley into the other.
The cluster of hulless barley was further divided into three
subclusters, leading to a total of four clusters. Similar results
were found by Kim et al. (2005) in genetic diversity measurement of barley and grouped hulled and hulless barley
into different cluster by random ampliﬁcation of polymorphic DNA (RAPD) markers and Drikvand et al. (2012)
clustered hulled and hulless barley separately irrespective of
two row or six row barley in his study using molecular
markers. PCoA was carried out to further evaluate the
genetic relationships between the barley accessions. It was
observed that 20% of variation was accounted for ﬁrst two
axes of PCoA, and the accessions were grouped into four
major clusters on ﬁrst two axes of PCoA. For conﬁrmation
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of cluster analysis, Malysheva-Otto et al. (2006) also used
PCoA and found similar results with ﬁrst two axes
accounting for 8.9% and 5.9% of the total variance. While,
in coloured barley diversity study, PCoA results indicated
that the hulled and naked accessions within differently
coloured barley populations could not be readily distinguished, possibly owing to the selection of individual
materials and the difference in the number of individuals
with hulled or naked kernels (Hua et al. 2015). Results
similar to the NJ tree were obtained where hulled and hulless
barley accessions were grouped into separate clusters and
hulless barley cluster was further divided into three subclusters. Both in NJ tree and PCoA, hulled barley accessions
were clustered tightly and hulless barley accessions were so
loose that it can be further divided into sub groups. However, results of analysis of molecular variance also showed
that in the present study variation among the population is
much higher as compare to within population depicting that
these accessions cannot be clustered further. Bengtsson et al.
(2017) also recorded similar results in his study of Nordic
spring barley for PCoA, cluster analysis and AMOVA.
Although, less variation within population in present study is
contradictory to results of Hua et al. (2015) showing that
most of variation was among accessions within population
that was because colour of barley did not contribute to
variation much.
In conclusion, the present study reported the presence of
rational variability among barley introductions, which could
be exploited for future crop improvement. The results
revealed that 51 SSR markers were highly polymorphic and
distributed though out all the seven chromosomes of barley
genome and signiﬁcantly distinguished the tested barley
accessions. The Structure, phylogenic cluster analysis and
PCoA classiﬁed 48 barley accessions into two major distinct
genetic groups irrespective of the husk type. The hulless
barley accession were clustered loose in phylogenic tree, and
PCoA revealing the presence of diversity among them and
further divided into subclusters. The presence of signiﬁcant
number of private alleles suggested that these accessions can
be utilized as sources of novel genes in barley breeding programmes. Hence, the information generated form the present
study will contribute signiﬁcantly to barley improvement
programmes in India and other South Asian countries.
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